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Use of Simulation Gaming to Assess Impact of Inter-Organizational
Information Sharing on Inventory Performance
Christian Wagner
Information Systems Department
City University of Hong Kong
Abstract
Supply chains are inter or intra-organizational systems which successively transform raw materials into
finished goods and deliver them to customers.  Lack of coordination between parties within these chains can
create considerable inefficiencies.  Information technology provides an opportunity to reduce these
inefficiencies, especially the use of EDI and point-of-sale (POS) information capture and distribution.  In a
pilot empirical study, point-of-sale automation was found to improve the performance of the entire chain, but
also to lessen the competitive advantage of retailers.  The impact on competitive advantages is likely to impact
decisions concerning the design or adoption of information systems for POS data sharing.
Introduction
The globalization of business has caused a wide geographic dispersion of suppliers, intermediaries, and end-users.
Inefficiencies in the interaction between these parties have provided the opportunity for potentially large gains through better
coordination of the global supply chains.  Supply chains can be viewed as inter or intra-organizational systems that link
production and inventories of the parties in the chain.  Typical inefficiencies of supply chains include large amounts of tied-up
inventory, slowed product innovation (due to the time required to push old stock through the chain), loss in revenue for inventory
that has aged, inability to respond to unforeseen demand fluctuations, stock-outs and over-supplies (Flaherty, 1995).  For
management, this creates a high level of uncertainty and planning difficulty, yet at the same time, the potential to significantly
improve the bottom line.  Chrysler, for instance saves US$213 million per year through improved supply chain management,
and generates a total gain of over $1 billion for the entire chain (Simonian, 1998).  Hence, to address this management challenge,
companies have taken various approaches, such as limiting the number of sources, and intermediaries, centralization of
inventories, rolling over inventory risks onto partners in the chain, and--last-not-least--improving information and information
flows in the chain.  The last measure, namely the impact of better information and improved information flows, is the topic of
this article.  The purpose of this article and its underlying research is to demonstrate how the impact of information technology
can be measured and what its impact will be.
Supply Chain Planning Problem
Among the many difficulties in supply chain management, a particularly significant one is demand forecasting (Fisher and
Raman, 1996).  Demand forecasting is difficult.   It also has direct bottom line impact, since over-supply ties up capital and
forces discount sales, while under-supply results in loss of sales.  Fisher et al. (1994) for instance report about Obermeyer, a
sportswear manufacturer whose manufacturing and sourcing commitments are made months before definitive demand data is
available.  At that time, demand forecasts may exceed actual demand by as much as six or seven times.  
An illustrative demonstration of the problem can be found in Senge’s “Beer Game” (Senge, 1994).  The beer game requires
participants in a three-party supply chain to make weekly purchasing decisions for the quantity of a product (namely beer).  This
decision is made difficult by two facts.  First, no participant in the chain knows his or her demand for the next week, and second,
any orders require at least one week to be filled.   The decision maker’s problem thus is one of maintaining enough safety stock
as to be able to fill orders out of inventory, while waiting for new supplies to arrive.  The decision maker has to generate high st
possible profits, by keeping stock-out and inventory carrying costs to a minimum.  When the game (still seemingly quite easy)
is played, it quickly results in notable disturbances in the supply flow when irregularities in customer demand are introduced.
In Senge’s version of the game, customer demand remains constant for several weeks, then suddenly jumps and stays at that level
for a few weeks, and then drops down back to its original level.  Game players, even seasoned managers, respond with highly
erratic re-order behavior, resulting in vast variations in the order behavior within the chain.  Stock-outs followed by large over-
supplies, and overall significant waste.  
To empirically study the performance of decision makers and assess the value of information technology in supporting them,
a modified version of the “beer game” was created, the “computer chip” game.  According to White (1992), the computer
industry is one with documented high losses due to supply fluctuations.
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The general rules and procedures of the game are similar to those of the beer game.  In the computer chip game, the supply
chain consists of four parties, the manufacturer, the distributor, the wholesaler, and the retailer.  Key parameters for each party
are as follows:
• Profit per chip sold $2
• Stock-out penalty fee (per period) $1
• Carrying cost (per period) $0.5
For this study, three versions of the game, representing three different levels of information technology, were created.  
1. Standard, gives each decision maker only information about the demand from his/her buyer.  When the decision maker
places an order, it requires two periods to be filled.
2. EDI, gives each decision maker the same information as the traditional scenario, but lets orders be filled within one period.
3. Point-Of-Sale Automation, gives each decision maker throughout the supply chain information about retail demand in each
period.
The EDI scenario reflects the fact that orders arrive without delay at the supplier and can be automatically processed.  Thus,
delays in order placing and order taking are removed, simulated through a 1-period reduction in delivery time.  (Setting delivery
time to 1 is arbitrary, of course.  Any variation between 0 and <2 periods is meaningful).  The EDI scenario removes some
planning uncertainty, and correspondingly should require less safety stock.  Compare Sheombar (1997) on logistics planning
risks and their mitigation through EDI.  Thus, inventory levels should drop and the entire chain should perform more efficiently.
The POS scenario recreates a situation where customer demand is captured at the point of sale and then broadcast throughout
the supply chain, a procedure practiced for instance between Levi’s and its buyers (see http://www.kewillxetal.co.uk/case3.htm).
Thus, even the manufacturer will know retail demand and can be prepared for future corresponding demand changes.  This extra
information is expected to reduce uncertainty about demand and therefore should lower safety stocks.  At the same time, it is
also expected to reduce the competitive advantage held by the retailer who originally is the only party knowing true customer
demand.
Pilot Test
Two pilot tests were carried out to investigate demand forecasting and the impact of information technology, using the “chip
game”.  The first test monitored the performance of decision makers in a supply chain with standard conditions (one team of
decision makers for each party in the supply chain). The retail demand was 500 units for the first four periods, then 1000 for the
next five periods, then back to 500 for the last five periods, for a mean of 679 (standard deviation of 279 units).  While mean
demand throughout the supply chain remained interestingly enough relatively constant (ranging from 607 to 643), demand
variance increased dramatically, as summarized in Table 1.
Table 1.  Demand Fluctuations in the Supply Chain (all in units of demand)
Consumer Retailer Wholesaler Distributor Manufacturer
Mean 679 607 643 607 643
Std.Dev. 249 626 602 836 989
The manufacturer who had the poorest and most delayed information about true retail demand had the largest variations in
quantity (here manufacturing quantity).  As a result, the manufacturer had also the worst bottom-line performance (overall asset
position at game end).  The “winner” was the retailer who managed inventory levels the best, followed very closely by the
wholesaler.
In a second pilot, the performance of parties in the chain under standard conditions and in the POS environment was
compared (four supply chains with four parties each).  The expectation was, of course, that the better information generated
through the co-operation of supply chain parties would improve overall chain performance and bring down demand variance,
particularly for the previously less informed parties.  Both expectations were fulfilled.  All parties in all supply chains performed
better than under standard conditions.  Even more interesting, retailers, who performed the best in the standard condition, did
not in the POS condition.  Especially distributors and manufacturers, who had to previously cater to the erratic demand
fluctuations of their buyers, faced now much more stable demand conditions, and were therefore able to plan better and perform
better.
The game also demonstrated clearly the need for cooperation in the chain.  Rational order planning of a single party in the
chain was meaningless, when faced with erratic buying behavior downstream, our poor inventory management upstream
(resulting in stock-outs and non-deliveries of ordered goods).  Consequently, while EDI provides an improvement in chain
performance through time compression, the major benefits are derived from supporting the cooperative element of this multi-
party decision making situation.  In essence, the supply chain can be viewed as a multi-party mixed motive game (here: prisoner's
dilemma) with repeat decisions to be made.  The most sensible course of action in such a scenario is for all parties to cooperate
unless provoked (see Axelrod, 1984).  POS information is therefore of great value, as it creates less opportunity for chain
members to artificially create (or merely suggest) shortages or over-supplies in order to take advantage of them.
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A further pilot experiment, currently under way, will determine the relative performance of supply chains under all three
conditions.  It will provide insight into IT-based coordination mechanisms used by members in the chain, including video
conferencing, electronic data interchange, and electronic conferencing. 
Conclusion
The pilot investigations provide valuable initial insights.  They verify the tendency of decision makers to over-react to
demand fluctuations, resulting in large swings in the system, large inventory build-ups (few stock-outs), and therefore higher-
than-necessary costs.  More information results in fewer swings in the system, and less inventory build-up.  The pilots also
demonstrate that while everyone gains through POS data sharing, the additional information can lead to a loss of competitive
advantage for the retailers (as indicated by their winning performance in the second pilot).  Many retailers hence should (and
will, see for instance http://www.kewillxetal.co.uk/case3.htm) be reluctant to create or adopt information systems that result in
free distribution of this valuable data. 
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